Background: Type 2 diabetes (T2DM), hypertension and kidney dysfunction are known risk factors for cardiovascular disease, but their combined effect on carotid plaque remains uncertain. This study aims to assess the associations between T2DM, hypertension, kidney dysfunction and carotid plaque, and further explore the combined effect of three diseases. Patients and methods: We conducted a cross-sectional analysis among 3,815 communitydwelling adults in a Chinese atherosclerosis cohort. Estimated glomerular filtration rate (eGFR), hypertension and T2DM were evaluated as risk factors for carotid plaque. The presence, number and total area of carotid plaques were also assessed. Using logistic model, mutinomial logistic model and generalized linear regression model, the relationship between risk factors and carotid plaque was examined. Results: T2DM, hypertension, decreased GFR, and, inversely, eGFR, were independently associated with the presence, number and total area of carotid plaque. Stratified analysis by T2DM and hypertension showed T2DM attenuated the association between eGFR change and carotid plaque. There was a cumulative relationship between three risk factors and carotid plaque burden. The OR for the number of plaques was 1.0 (reference), 1.55 to 2.03, 1.94 to 3.14, and 3.69 (all P<0.05), respectively, for individuals with none, one, two, and three risk factors. Likewise, combining three risk factors was associated with greater increase in total plaque area (β, 20.63; 95% CI,. Conclusion: The coexistence of decreased GFR, diabetes and hypertension is associated with increased risk of carotid plaque, and these comorbidities may contribute additively to the development of plaque.
Introduction
Carotid plaque has been reported as a strong predictor of incident myocardial infarct and ischemic stroke, [1] [2] [3] [4] and helped reclassify up to 22.7% of participants at intermediate risk of coronary heart disease in the Atherosclerosis Risk in Communities study. 5 Therefore, research on the risk factors for carotid plaque could aid in the prevention of cardiovascular disease (CVD). Traditional vascular risk factors include age, sex, smoking, diabetes, hypertension, family history of MI, physical activity (inverse), statin use and antihypertensive medication. 6 In addition to the established risk factors, accumulating evidence suggests that kidney dysfunction may also increase the risk of atherosclerosis. Investigators have now demonstrated a two-fold increase in the risk of developing atrial fibrillation, congestive heart failure, coronary heart disease, and stroke in patients with estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 . [7] [8] [9] [10] However, the correlation between kidney dysfunction and carotid plaque remains uncertain.
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Type 2 diabetes (T2DM) and hypertension are currently the most common causes of chronic kidney dysfunction in developed countries. Moreover, hypertension increases the risk of renal and cardiovascular morbidity and mortality in diabetic patients. [12] [13] [14] [15] Therefore, it is imperative to recognize the excess risk of developing atherosclerosis in patients with these conditions. Although it is well established that T2DM and hypertension are most prevalent risk factors for atherosclerosis, [16] [17] [18] [19] the joint effect of T2DM, hypertension and kidney dysfunction on carotid plaque has not been previously assessed. Herein, we measured GFR within a Chinese community-based atherosclerosis cohort, which concurrently collected information on carotid atherosclerosis content from all study participants via carotid ultrasonography. Our objective was to assess the joint associations of kidney dysfunction, especially decreased GFR, and the established risk factors of T2DM and hypertension with carotid plaque.
Materials and methods

Study subjects
This study used data from a community-based CVD cohort among residents in Gucheng and Pingguoyuan Community of Shijingshan District in Beijing, China, carried out from December 2011 to 2014. The eligible population included residents over the age of 40 and had health medical records in community health centers. Community residents were recruited by responding to recruitment posters that detailed the study and inviting phone calls. The study design and selection criteria have been introduced before. 20 We used the cross-sectional data collected between May 2014 and July 2014 from the whole database. Initially, 3,882 participants were involved in the study. After excluding individuals with missing data on serum creatinine measurement and/or carotid artery ultrasonography, a total analytic sample of 3,815 remained. Ethical approval for this study was obtained from the ethics committee of Peking University First Hospital, and each participant provided written informed consent. We adhered to the principles of the Declaration of Helsinki.
The procedures followed were in accordance with institutional guidelines. 20 
Data collection procedures
The data were collected by trained research staff according to a standard operating procedure. After obtaining informed consent, trained interviewer administered a standard questionnaire that collected detailed information on demographics, lifestyle factors, and medical history. Physical exercise was defined as consciously doing exercise for >30 mins per time in the last 3 months. Current drinking habit was defined as drinking once per week at least half a year. Former drinking was defined as refraining from drinking for at least half a year. Current smoking was defined as smoking one cigarette per day for at least half a year, and a lower quantity was defined as non-smoking. Former smoking was defined as cessation of smoking for at least half a year. Participants underwent a routine physical examination as well as blood sampling. Physical examination included standardized measurements of height and weight, and body mass index (BMI) was calculated. Venous blood samples were drawn from the antecubital vein with 4 mL coagulation-promoting vacuum tubes in the morning after an overnight fasting. All blood specimens were processed at the field centers and immediately frozen until they were shipped. Biochemistry index in plasma, including FBG, 2 hr PG, total cholesterol (TC), total triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol were obtained by the automatic biochemical analyzer (Roche-C8000). Hyperlipidemia was defined as LDL-C ≥3.37 mmol/L or TG ≥1.7 mmol/ L or TC ≥5.18 mmol/L or self-reported history of hyperlipidemia or use of lipid-lowering drugs.
Definition of T2DM and hypertension
All participants underwent standard 75-g oral glucose tolerance tests (or, T2DM patients consume equivalent bread) with 2 hrs plasma glucose sampled. In light of the WHO diagnostic criteria from 1999, participants were defined as having T2DM if they had an FBG≥7.0 mmol/L and OGTT≥11.1 mmol/L or self-reported history of T2DM or if they were currently taking any anti-T2DM treatment.
Seated peripheral (brachial) BP was obtained for each participant after a 5-min rest using an Omron HEM-7117 electronic sphygmomanometer with the standard method of calibration and appropriately sized cuffs. BP was measured three times on the right arm at the level of the heart with a gap of 1 min between consecutive measurements. The average of the three measurements was used as the final BP-value. According to 2013 ESC-ESH guidelines, hypertension was defined as SBP≥140 mmHg or DBP≥90 mmHg, self-reported history of high blood pressure or antihypertensive drug usage.
Estimated glomerular filtration rate (eGFR)
Serum creatinine (µmol/L) was measured using Jaffe kinetic method on a Hitachi 7180 Automatic Analyzer in the laboratory of Peking University First Hospital. eGFR was estimated using the following equation derived from the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI): where Scr is serum creatinine concentration (mg/dL) and age in years; κ, 0.7 for females and 0.9 for males; α, −0.329 for females and −0.411 for males; min, the minimum of Scr/k or 1; and max, the maximum of Scr/k or 1. According to KDOQI Clinical Practice Guidelines for Chronic Kidney Disease 2015. 22 We refer to an eGFR<60 mL/min/1.73 m 2 as decreased GFR.
Carotid ultrasonography
All participants underwent carotid ultrasonography using the GE Vivid ultrasound system equipped with an 8-MHz linear array vascular probe by a standardized protocol. In brief, carotid ultrasound was performed according to the standardized scanning and reading protocols by a trained and certified sonographer. Our Carotid Intima-Media Thickness (cIMT) protocol followed the Mannheim Carotid Intima-Media Thickness and Plaque Consensus (2004-2006-2011) . 23 The cIMT of both the left and right common carotid arteries (CCAs) was measured. Plaques were defined as focal structures encroaching into the arterial lumen of at least 0.5 mm or 50% of the surrounding cIMT value, or demonstrating a thickness >1.5 mm as measured from the intima-lumen interface to the media-adventitia interface, at levels of CCA, bifurcation, internal carotid artery and external carotid artery. 23 Each plaque was measured in a longitudinal view, choosing the plane in which the plaque is maximal. The view chosen was frozen and magnified, the perimeter of the plaque was traced with a cursor on the screen, and the cross-sectional area of that plaque was measured. Sonographers measured the plaque area twice per plaque and then took the mean value. In this study, carotid plaque was characterized by its presence, number, and area. Number of carotid plaques was categorized into five groups: 0, 1, 2, 3 and ≥4 according to the distribution. The sum of all plaque areas was defined as the total plaque area.
Statistical analysis
All data were represented as mean (SD) for continuous variables and proportion for categorical variables. The primary outcomes of interest included the presence, number, and total area of carotid plaque. The primary predictors were T2DM (dichotomous), hypertension (dichotomous) and eGFR that were evaluated as both dichotomous and continuous variable. First, we compared the demographic characteristics according to the presence of carotid plaques using Student's t-test for continuous variables, and Chi-square test for categorical ones. Next, we assessed the separate relation of T2DM, hypertension and eGFR (dichotomous and continuous variable) to the presence and number of carotid plaques using logistic regression model and multinomial logistic regression, respectively. We further used generalized linear regression to examine the associations between T2DM, hypertension, eGFR and the total area of plaque. To determine whether a joint effect exists between T2DM, hypertension and decreased GFR with respect to the characteristics of plaques, we performed stratified analyses according to diabetes and hypertension status, and tested multiplicative interactions by creating an interaction term and using a likelihood ratio test. Finally, we calculated the ORs associated with different combinations of T2DM, hypertension and decreased GFR.
Potential confounders were determined a priori; final models adjusted for the following covariates: age, sex, education level, BMI, drinking and smoking status, physical exercise, hypertension, hyperlipidemia, and diabetes and hypertension medications. ORs and their 95% CIs were computed for primary predictors. Significance testing for all models was 2-sided and a P<0.05 was considered statistically significant. All analyses were performed using SAS version 9.4 software (SAS Institute Inc., Cary, NC, USA).
Results
Baseline characteristics categorized by the presence of carotid plaque Table 1 displays the characteristics of the study population according to the presence of carotid plaque. Of all A total of 2,164 participants (56.72%) had carotid plaque, 776 (20.34%) were with T2DM. Participants who developed carotid plaque tended to be older and to have a higher prevalence of decreased GFR, T2DM, hypertension, hyperlipidemia, and medications for hypertension or diabetes (all Ps<0.001). There were also significant differences with regard to the distribution of education, drinking and smoking status, duration of diabetes and hypertension between two groups (all Ps<0.001).
T2DM, hypertension, eGFR, and carotid plaque
The multivariable-adjusted relationships between T2DM, hypertension, eGFR (dichotomous and continuous variable) and carotid plaque among all the subjects are provided in ; logistic regression models, multinomial logistic regression, and generalized linear regression models were adjusted for the confounders including age, sex, education, BMI, drinking and smoking status, physical exercise, hypertension, hyperlipidemia, and diabetes and hypertension medications. Abbeviations: T2DM, type 2 diabetes; eGFR, estimated glomerular filtration rate; BMI, body mass index. Abbreviations: T2DM, type 2 diabetes; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C low-density lipoprotein cholesterol; TC, total cholesterol; TG, total triglycerides.
Association of eGFR and T2DM or hypertension with carotid plaque
We observed important differences in the association between eGFR and carotid plaque across the strata for T2DM (Table 3 ). In the absence of T2DM, changes in eGFR were associated with increased presence, number and total area of carotid plaques (all Ps<0.05). However, in the presence of T2DM, although eGFR per unit increase was still associated with 0.27 (95% CI −0.50 to −0.03)mm 2 decrease in total plaque area, the associations of eGFR with the presence and number of plaques lost their significance. Nevertheless, multiplicative interactions between T2DM and eGFR were not significant (all Ps>0.05). In contrast, stratified analysis did not identify effect modification of hypertension to eGFR change and carotid plaque (Table 4 ). T2DM and eGFR are significantly associated with the presence, number and total area of plaques among participants both with and without hypertension. We further explored the joint association of decreased GFR, T2DM, and hypertension with carotid plaque (Table 5) . Participants without any one of these three diseases were used as the reference. For the presence of carotid plaque, the OR of a combination of T2DM, hypertension and decreased GFR (OR, 2.33; 95% CI, 1.49-3.64), although slightly less than that of T2DM combined with hypertension, was obviously greater than that of T2DM, hypertension or decreased GFR alone. For number of carotid plaques, the OR was greatest when T2DM, hypertension and decreased GFR were present (OR, 3.69; 95% CI, 2.65-5.14). In the absence of hypertension, decreased GFR was not significantly associated with increased total plaque area in T2DM patients (β, 7.20; 95% CI,−2.78-17.18). The total area of carotid plaque increased for hypertension patients in the presence of either decreased GFR (β, 11.30; 95% CI, 6.38-16.21) or T2DM (β, 13.00; 95% CI, 8.00-18.00). The strongest association was also seen in the combination of three status (β, 20.63; 95% CI, 14.04-27.22).
Discussion
In this study, we found that the association between decreased GFR and carotid plaque was influenced by T2DM and hypertension. A synergistic association was found between decreased GFR with T2DM or hypertension and the prevalence and severity of carotid plaque. Therefore, coexisting T2DM, hypertension and decreased GFR may contribute to further elevated risk of carotid plaque and CVD.
Multiple studies have been carried out to assess the association of different cutoffs of eGFR with the risk of CVD after adjustment for traditional risk factors. [24] [25] [26] [27] Carotid plaque represents very high CVD risk that generally requires the preventive use of CVD drugs, 28, 29 whereas the association between eGFR and carotid plaque may seem paradoxical. In Beijing Longitudinal Study of Aging (BLSA), eGFR was related to the presence of carotid plaque. 30 Similar results were found in the Third ; logistic regression models, multinomial logistic regression, and generalized linear regression models were adjusted for the confounders including age, sex, education, BMI, drinking and smoking status, physical exercise, hypertension, hyperlipidemia, and diabetes and hypertension medications. Abbreviations: T2DM, type2 diabetes; eGFR, estimated glomerular filtration rate; BMI, body mass index.
National Health and Nutrition Examination Survey, for a significant association between low eGFR and plaque presence. 31 In contrast, in the Renal Iohexol Clearance Survey in Tromsø 6 (RENIS-T6), there was a tendency for a U-shaped relationship between eGFR and total plaque area, but nonlinear models were not statistically significant. 32 A cross-sectional study on Japanese women reported that albuminuria, but not low eGFR, was associated with carotid plaque. 33 Notably, most of these studies are hospital-based design and eGFR was assessed by different equations. The present study was based on a large populationbased cohort with a relatively high proportion of participant having normal kidney function, while eGFR was estimated by the CKD-EPI equation. Our study revealed that decreased GFR was associated with the presence, number and total area of carotid plaque independent of conventional risk factors. Moreover, the relation of continuous form of eGFR to plaque indicated that even small reductions in GFR within the apparently normal range may contribute to the increased prevalence of plaque; thus, eGFR level may play a predictive role for cardiovascular events.
Although after adjusting for other covariates, decreased GFR was not significantly associated with the presence and number of carotid plaque in T2DM patients. This result is consistent with a previous study in which reduced eGFR was not associated with atherosclerosis in patients with T2DM. 34 The result may be due to the fact that T2DM itself has such a powerful influence on carotid plaque that any effect of eGFR decline is masked.
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T2DM and hypertension are conventional risk factors for CVD. Affecting the entire vascular system, it is perhaps not surprising that T2DM is also associated with subclinical vascular disease measures. Multi-Ethnic Study of Atherosclerosis demonstrated that diabetes was associated with an increased prevalence of aortic valve calcium (incidence rate ratio: 2.1 for diabetes in women and 1.7 for men) and thoracic aortic calcification. 35 Another population-based study in Iceland reported that T2DM was one of the strongest risk factors associated with the presence of carotid plaque (OR, 1.44; 95% CI, 1.02-2.04). 18 Similarly, it has long been established that systolic blood pressure (OR 1.2 per 10 mmHg increase) is one of the predictors of carotid stenosis, 36 with many studies confirming the direct correlation between hypertension and carotid plaque. [37] [38] [39] In this study, the risk estimate that we observed for T2DM (OR, 1.87; 95% CI, 1.55-2.25) and hypertension (OR, 1.33; 95% CI, 1.10-1.59) is consistent with most previously reported estimates. 18, [40] [41] [42] The consistency of our findings with prior results lends weight to the evidence that T2DM and hypertension are strong detrimental factors for carotid plaque.
Although the relationship between individual risk factors and carotid plaque has been proved, the combined effect of three risk factors cannot be ignored. In this study, we found that OR for patients with 3 risk factors versus no risk factors for the number of plaques was 3.69 ; logistic regression models, multinomial logistic regression, and generalized linear regression models were adjusted for the confounders including age, sex, education, BMI, drinking and smoking status, physical exercise, hypertension, hyperlipidemia, and diabetes and hypertension medications. Abbreviations: T2DM, type 2 diabetes; eGFR, estimated glomerular filtration rate; BMI, body mass index. ; logistic regression models, multinomial logistic regression, and generalized linear regression models were adjusted for the confounders including age, sex, education, BMI, drinking and smoking status, physical exercise, hypertension, hyperlipidemia, and diabetes and hypertension medications. Numbers in bold indicate statistical significance (P<0.05).
Abbreviations: T2DM, type 2 diabetes; eGFR, estimated glomerular filtration rate.
(95% CI, 2.65-5.14). Chuang et al concluded that hypertension and dyslipidemia with type 2 diabetes have cumulative effects on the burden of carotid plaque. 43 Niu et al in their comparative study concluded that three or more cardiovascular risk factors have a greater impact on cIMT and elasticity than two or less cardiovascular risk factors. 44 Previous studies have shown that hypertension, T2DM, and CKD induce abnormal shearing pressure to the endothelium, inflammation, insulin resistance, endothelial dysfunction and more severe oxidative stress in blood, which all participate in the pathogenesis of vascular disease. 43, [45] [46] [47] However, the mechanisms by which three risk factors may have synergistic effects on the increased carotid plaque burden need to be confirmed in future studies. Therefore, our study suggests that onset of nephropathy in patients with T2DM and hypertension increases the carotid plaque burden, while control of renal function could mitigate the adverse effects of T2DM and hypertension on carotid plaque progression. It is demonstrated that eGFR per unit increase was associated with 0.27 and 0.26 unit reduction in total plaque area in participants with T2DM and hypertension, respectively.
Limitations
Several limitations should be acknowledged. This is a cross-sectional study showing only associations between T2DM, hypertension, eGFR and carotid plaque, which limits the power of causal inference. In addition, our findings might be only generalizable to community-dwelling Chinese adults who would have been healthy enough to attend the health center assessment. However, our findings provide further evidence that T2DM, hypertension and kidney dysfunction are all important factors affecting subclinical CVD. More prospective, population-based studies with large cohort are needed to provide a better interpretation.
Conclusion
Individuals with coexisting decreased GFR, T2DM and hypertension are at high risk of carotid plaque, with each condition contributing additively to plaque risk. Additional studies are needed to determine the extent to which antidiabetic and anti-hypertensive therapy combined with the appropriate CKD treatment can lead to prevention of carotid atherosclerosis.
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